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1 Rotational Control Apparatus 
CROSS REFERENCE 

The present application is a continuation-in-part of 
application Serial No. 08/254,290 filed June 6, 1994, 
5 which is a continuation-in— part of application Serial No. 
08/201,783 filed February 25, 1994. 
BACKGROUND 

The present invention generally relates to rotational 
control apparatus such as clutches and brakes, relates 

lO particularly to clutches, relates more particularly to fan 
clutches, and relates specifically to fan clutches having 
multiple speed drives and/or which are shock resistant for 
high torsional and vibration conditions. 

Although fan clutches of the type shown in Figures 

15 of U.S. Patent 4,425,993 and in Patent Nos . 4,226,095 and 
4,877,117 have proven to provide precise power, 
exceptional economy and dependable, long-lived durability, 
there exists a need to provide improvements to result in 
a further advantageous clutch. Specifically, a need 

2 0 exists to provide a multiple speed drive clutch for the 

fan blades mounted thereon. In particular, in a typical 
fan clutch application for a truck, while the truck is 
traveling down the road, the engine is operating at 
relatively high RPMs and air is rapidly passing by the 

2 5 radiator due to the movement of the truck. Thus, it is 

not necessary that the fan blades be driven at engine 
speed under these conditions, and it is advantageous to 
drive the fan blades at slower speeds or to stop fan 
rotation for at least noise and/or power consumption 

3 0 reduction reasons. However, when the truck is parked and 

the engine is idling, maximum cooling is required such 
that the fan blades are driven at engine speed (or even 
faster than engine speed). Similarly, cooling requirements 
for other large engines such as for earth moving equipment 
3 5 or like applications and even for stationary applications 
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3- vary according to various factors including ambient 
temperature, air flow, engine speed, and the like. 

Further, the axially displaceable components of a fan 
clutch are subjected to high torsional and vibration 

5 conditions due to its interconnection to the crank shaft 
of the engine which is rotated by the reciprocating action 
of pistons. High torsional and vibration conditions 
result in loss of tolerance in the axially displaceable 
components in preventing relative rotation between the 

10 components and in the reduction of the clutch life. 

Thus, a need exists to provide a clutch which provides 
a dampening effect within the clutch to increase depend- 
ability and long-lived durability and having components 
which would be damaged by excessive torsional and 

15 vibration stress and/or loads being normally replaceable 
to increase economy. 
SUMMARY 

The present invention solves these needs and other 
problems in the field of rotational control apparatus 

20 and particularly fan clutches by providing, in the most 
preferred form, an eddy current drive in addition to an 
axially displaceable friction ring which engages with a 
friction disc, with the output portion of the clutch being 
driven by the friction disc and ring when engaged and being 

25 driven by the eddy current drive when the friction disc 
and ring are disengaged. In a first aspect of the most 
preferred form of the present invention, the friction 
ring is axially engaged by fluid pressure introduced in 
the pressure cylinder defined by a piston for moving the 

30 piston and such that separate controls are not necessary 
for the eddy current drive. 

In further aspects of preferred forms of the present 
invention, the eddy current drive is mounted in the clutch 
in a manner to reduce the number of clutch components and 

35 minimize the overall axial length and radial size. 

Specifically, one of the drive components of the eddy 
current drive is mounted to the input portion of the 
clutch while the other component is mounted directly on 
the friction interface member of the output portion for 
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1 axial movement therewith in a first form or is mounted on 
the housing rotatably related to the friction interface 
member of the output portion in an alternate form. In 
one of the most preferred forms, the eddy current drive 

5 is located at the same radial spacing from the clutch axis 
as the friction ring. 

In another aspect of a preferred form of the present 
invention, a hub rotatable relative to a shaft is 
rotatably related to the shaft when the input is not 

10 rotatably related to the friction disc which is slideably 
mounted on and rotational ly related to the hub. In the 
most preferred form, the shaft is stationary and it is an 
aim of the present invention to brake the output portion 
to prevent the fan blades from windmilling and from being 

15 driven by an eddy current drive. 

In a further aspect of the present invention, air flow 
is created between the first and second drive components 
of the rotational control apparatus by vanes which rotate 
with the input, In the preferred forms, the output 

20 includes openings located radially inward of the first and 
second drive components through which the air flow between 
the first and second drive components passes. In the most 
preferred form, the vanes are mounted radially outward of 
the first and second drive components and in particular to 

2 5 the annular support which mounts the drive component to 
the input. 

It is thus an object of the present invention to 
provide a novel rotational control apparatus. 

It is further an object of the present invention to 
3 0 provide such a novel rotational control apparatus in the 
form of a fan clutch. 

It is further an object of the present invention to 
provide such a novel rotational control apparatus having 
ease of serviceability. 
3 5 It is further an object of the present invention to 

provide such a novel rotational control apparatus which 
includes a multiple speed drive. 
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1 It is further an object of the present invention to 
provide such a novel rotational control apparatus having 
reduced noise. 

It is further an object of the present invention to 
5 provide such a novel rotational control apparatus having 

reduced squeal. 

It is further an object of the present invention to 

provide such a novel rotational control apparatus having 

reduced power consumption. 
10 It is further an object of the present invention to 

provide such a novel rotational control apparatus which 

is shock resistant for high torsional and vibration 

conditions . 

It is further an object of the present invention to 
15 provide such a novel rotational control apparatus having 
an improved axially displaceable friction ring which 
provides a dampening effect within the apparatus. 

It is further an object of the present invention to 
provide such a novel rotational control apparatus 

2 0 including components which would be damaged by torsional 

and vibration stress and/or loads to be normally 
replaceable. 

It is further an object of the present invention to 
provide such a novel rotational control apparatus 
25 preventing fan blades mounted to the output portion of 
the clutch from windmilling. 

It is further an object of the present invention to 
provide such a novel rotational control apparatus 
including components which rotatably relate the output 

3 0 portion to a further portion than the input portion. 

It is further an object of the present invention to 
provide such a novel rotational control apparatus 
including an eddy current drive. 

It is further an object of the present invention to 
3 5 provide such a novel rotational control apparatus 

including an eddy current drive which is overridden by 
braking components. 
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1 It is further an object of the present invention to 
provide such a novel rotational control apparatus designed 
to be simple. 

It is further an object of the present invention to 
5 provide such a novel rotational control apparatus which is 
reliable. 

It is further an object of the present invention to 
provide such a novel rotational control apparatus of a 
multi-speed design which reduces the number of clutch 
10 components . 

It is further an object of the present invention to 
provide such a novel rotational control apparatus of a 
multi-speed design which minimizes the overall axial 
length and radial size. 
15 It is further an object of the present invention to 

provide such a novel rotational control apparatus having 
enhanced cooling of the drive components. 

It is further an object of the present invention to 
provide such a novel rotational control apparatus 

2 0 including vanes which create air flow between the drive 

components . 

These and further objects and advantages of the 
present invention will become clearer in light of the 
following detailed description of illustrative embodiments 
25 of this invention described in connection with the 
drawings . 

DESCRIPTION OF THE DRAWINGS 

The illustrative embodiments may best be described by 
reference to the accompanying drawings where: 



Figure /i shows a cross-sectional view of a rotational 
control apparatus in a first, preferred form of a fan 
clutch according to the preferred teachings of the present 
invention. ^ 



35 rotational control apparatus of Figure 1 according to 
section line 2-2 of Figure 1. 





a partial, cross— sectional view of the 
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Figure^shows a partial, cross— sectional view of a 
rotational control apparatus in a second, preferred form 
of a fan clutch according to the preferred teachings of 
the present invention. 

Figure 4/shows a partial, cross-sectional view of the 
rotational control apparatus of Figure 3 according to 
section line 4—4 of Figure 3. 

Figure 5 sfiows a cross-sectional view of a rotational 
control apparatus in a third, preferred form of a fan 
clutch according to the preferred teachings of the present 
invention . 

Figure^sFiows a partial, cross-sectional view of the 
rotational control apparatus of Figure 5 according to 
section line 6-6"of Figure 5. 

Figure 7*** shows a cross-sectional view of a rotational 
control apparatus in a fourth, preferred form of a fan 
clutch according jto "the preferred teachings of the present 
invention . 



Figure 8 ^ shows an end elevational view of the annular 
body portion of the rotational control apparatus of 
Figure 7 . 

Figure 9 shows a partial, end elevational view of the 
annular support/6f the rotational control apparatus of 
Figure 7, with portions broken away to show the internal 
construction. 

Figure 10/shows a partial, end elevational view of 
the fan mount of the rotational control apparatus of 
Figure lx 

The figures are drawn for ease of explanation of the 
basic teachings of the present invention only; the 
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1 extensions of the Figures with respect to number, position, 
relationship, and dimensions of the parts to form the 
preferred embodiment will be explained or will be within 
the skill of the art after the following teachings of the 

5 present invention have been read and understood. Further, 
the exact dimensions and dimensional proportions to 
conform to specific force, weight, strength, and similar 
requirements will likewise be within the skill of the art 
after the following teachings of the present invention 

lO have been read and understood. 

Where used in the figures of the drawings, the same 
numerals designate the same or similar parts. Furthermore, 
when the terms "first", "second", "internal", "radial", 
"axial", "inward", "outward", and similar terms are used 

15 herein, it should be understood that these terms have 

reference only to the structure shown in the drawings as 
it would appear to a person viewing the drawings and are 
utilized only to facilitate describing the invention. 
DESCRIPTION 

2 0 Rotational control apparatus according to the 

preferred teachings of the present invention is shown in 
Figures 1-4 of the drawings in the preferred form of a fan 
clutch and is generally designated A. In most preferred 
embodiments of the present invention, clutch A is an 

2 5 improvement of the type shown and described in Figures 1-3 
of U.S. Patent No. 4,425,993. For purpose of explanation 
of the basic teachings of the present invention, the same 
numerals designate the same or similar parts in the present 
Figures 1-4 and the figures of U.S. Patent No. 4,425,993. 

30 The description of the common numerals and clutch A may be 
found herein and in U.S. Patent No. 4,425,993, which is 
hereby incorporated herein by reference. 

Referring to the drawings in detail, fluid engaged 
spring released clutch A includes an annular mount 12 

35 having an annular flange 14 which is formed with a series 
of spaced holes 16 for bolting or otherwise attaching 
annular mount 12 to a sheave or other driven member which 
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1 is rotated about a clutch axis by a conventional mechanism 
(not shown) within the engine block. Flange 14 terminates 
radially inwardly in a hollow hub portion 24 formed with 
splines 2 6 thereon. 

5 Further provided is a friction disc 28 including a 

circular main body portion 3 0 having an annular friction 
engageable surface or portion 34. Disc 28 is formed with 
an axial hollow hub 37 formed with internal splines 38 in 
engagement with splines 26 of hub portion 24. Mount 12 

lO is secured and fixed in a splined relationship to body 
portion 3 0 of friction disc 28 by means of an axially 
mounted bolt 4 0 threadedly engaged in a clamping disc 4 2 
through an axial hole 44 of hub portion 24. 

Disc 42 has an annular flange portion 46 in secure 

15 engagement with an annular recess 4 8 formed in body 

portion 30. Hub portion 2 4 is formed with an external 
annular recess 50. A housing hub 52 is formed with a 
companion annular recess 54, with the inner race 56 of a 
bearing 58 press fit in recess 50 and the outer race 60 of 

20 bearing 58 press fit in recess 54. Bearing 58 is retained 
in recess 54 by means of a retaining ring 59 and in recess 
5 0 by hub 37. 

Hub 52 is part of a first outer shell housing 62, with 
hub 52 terminating in an annular and radially extending 

25 body portion 64 which terminates in an offset portion 66 
located radially outward of friction disc 2 8 and extending 
axially from body portion 64 beyond surface 3 4 of friction 
disc 28. A second outer shell housing 68 includes an 
annular main body portion 70 formed with an axial hole 72 

30 terminating outwardly in an annular recess 74. Main body 
portion 70 terminates radially outwardly in a right 
angular flange 76. First outer shell housing 62 is 
secured to second outer shell housing 68 by means of 
spaced bolts 78. Thus, housings 62 and 68 are rotatable 

3 5 relative to friction disc 28 by bearing 58 about the 
clutch axis. 
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1 An annular piston 80 includes a circular and center 
body portion 82 which terminates in an outwardly offset 
and radially disposed annular flange portion 84. An inner 
annular surface 88 of annular flange 84 forms a cylindrical 

5 surface. Formed internally of main body portion 7 0 of 

shell housing 68 is an annular flange portion 90 slideably 
positioned relative to surface 88 of flange 84. On the 
outer surface of portion 9 0 is formed an annular recess 92 
in which is positioned an O-ring 94 in sealing engagement 

10 with surface 88 of flange 84 thereby forming a pressure 
cylinder C. 

Positioned within axial hole 72 is a rotary air union 
9 6 which includes a substantially cylindrical body 98 
having an annular shoulder 100 which fits in annular 

15 recess 74 and sealed by an O— ring 102. Rotary air union 
96 is secured in axial hole 72 and annular recess 74 by 
means of a circular flat ring 104 secured upon the outer 
surface of body portion 7 0 of second shell housing 68 by 
means of spaced bolts 106 and in abutment with and upon 

20 annular shoulder 100 of air union 96. 

Rotatably received within cylindrical body 98 is a 
stationary air union portion 118 formed with an axial hole 
120 which terminates in a right angularly disposed hole 
12 2 connected by a union 124 to a fluid supply line, not 

2 5 shown. Air union portion 118 has mounted thereon a 

suitable bearing which is within air union body 98 whereby 
the entire clutch A may rotate about the clutch axis about 
stationary air union portion 118, with rotary air union 96 
providing fluid communication with cylinder C. 

30 A series of bolts 148 are threadedly engaged in first 

shell housing 62 and each extend through a hole in the 
spider hub portion of fan blades, not shown. 

In the form shown in Figures 1 and 2, a friction 
ring 8 6 is mounted on portion 8 2 such as by screws 8 7 in 

35 axial alignment with frictional engagement portion 34 of 
friction disc 28. In the form shown in Figures 1 and 2, 
a series of spaced torque pins 13 2 are slideably mounted 
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1 on one end in a bushing 134 which is secured by press 
fitting in body portion 7 0 of second shell housing 68. 
The other ends of torque pins 13 2 are threaded or other- 
wise secured in a hole 136 formed in piston 80. A series 

5 of spaced return springs 13 8 are mounted on one end in a 
hole 140 formed in offset portion 66 of first outer shell 
housing 62. The other ends of return springs 138 are 
mounted in a recess 14 2 formed in a tab 14 4 formed in the 
outer periphery of piston 80 and extending into a void 146 

10 formed between shell housings 62 and 68. It will be seen 
that the springs 138 normally urge piston 80 and friction 
facing ring 86 thereon from friction portion 34 of 
friction disc 28. 

Clutch A as described thus far is generally of the 

15 type shown and described in U.S. Patent No. 4,425,993. 
However, it can be appreciated that other constructions 
may be applicable to utilize the teachings of the present 
invention including but not limited to the construction 
shown in Figures 5-10. 

20 in most preferred forms of the present invention, 

circumferential ly spaced cooling vanes or fins 22 0 are 
integrally formed and extend axially from the axial side 
of body portion 30 opposite to friction engageable portion 
34 and located radially intermediate hub 37 and the outer 

25 periphery of body portion 30. Circumf erentially spaced 
air vent openings or apertures 2 22 are formed in body 
portion 64 at a radial spacing from hub 52 corresponding 
to and in alignment with cooling fins 220. 

In a further, preferred form of clutch A of the 

30 present invention as shown in Figures 3 and 4, offset 
portion 66 of housing 62 includes internal, axially 
extending gear teeth 250. A fiber friction ring 252 is 
further provided including axially extending gear teeth 
254 on its outer periphery. Teeth 254 are in gearing 

35 relation with teeth 250. Thus, teeth 250 and 254 define 
interfitting portions formed on housing 62 and friction 
ring 252, respectively, to rotatively fix friction ring 
252 to offset portion 66 and housing 62 but allow friction 
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1 ring 252 to be axially displaceable relative to offset 
portion 66 and housing 62. Friction ring 252 is biased 
away from friction disc 28 by means of a series of springs 
256. Springs 256 are mounted in one end of a hole 258 
5 formed in offset portion 66 circumf erentially intermediate 
teeth 250 such that springs 256 are within the radial 
extent of teeth 250. The other end of springs 256 abut 
with friction lining 252. 

Alternate forms of rotational control apparatus 

10 according to the preferred teachings of the present 

invention are shown in Figures 5-10 of the drawings in 
the preferred form of a fan clutch and are generally 
designated A' . In most preferred embodiments of the 
present invention, clutch A' is an improvement of the 

15 type shown and described in U.S. Patent Nos . 4,226,095; 
4,877,117; and 5,059,161. For purpose of explanation of 
the basic teachings of the present invention, the numerals 
including a prime (') notation in Figures 5-10 designate 
the same or similar parts for the same numeral notation in 

20 the figures of U.S. Patent Nos. 4,226,095; 4,877,117; and 
5,059,161. The description of the same or similar parts 
and clutch A' may be found herein and in U.S. Patent Nos. 
4,226,095; 4,877,117; and 5,059,161, which are hereby 
incorporated herein by reference. 

25 Referring to the drawings in detail, clutch A' 

includes a first output member to be driven in the form of 
an annular piston 10' which has formed thereon the annular 
friction disc 12' and the internal annular base portion 
14'. Formed internally of annular base portion 14' are 

3 0 the torque transmitting surfaces in the form of internal 
splines 16' which engage with the external torque 
transmitting surfaces in the form of splines 18' of the 
hub 20'. Thus, friction disc 12' is slideably mounted on 
and rotationally related to hub 20' by splines 16' and 18'. 

3 5 The hub 20' is rotatably mounted on the reduced outward 
end 22' of stationary shaft 24' by means of the bearings 
26 ' and 28' . 
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1 The numeral 30' designates an annular cylinder- block 

in which is slideably mounted the annular piston 10 ' with 
sealing engagement by means of the O-ring 32' mounted in 
the annular groove formed in the piston 10' and the 
5 O-ring 36' mounted in the annular groove 38' formed in the 
cylinder 30'. The cylinder 30' is secured and rotationally 
related to the hub 20' by means of a multiplicity of 
spaced bolts 40' which extend through clearance holes 3 0a' 
in the cylinder block 30' and engage threaded holes 41a' 
lO in hub 2 O ' . Air pressure is introduced through shaft 24' 
and into cylinder C by conventional conduit means 42' 
including a suitable rotary union. 

Mounted on the hub 20' are the bearings 146' and 148' 
which rotatably mount an input in the form of the sheave 
15 50' which is typically driven by the engine crank shaft 
by belts. The numeral 62' designates a washer slideably 
received on hub 2 O ' and sandwiched between splines 18' and 
bearing 146'. Further provided is the compression coil 
spring 56' sandwiched between washer 62' and piston 10'. 
20 Friction facing ring 86 is mounted on the side of sheave 
50' such as by screws 87 in axial alignment with annular 
friction engagable surface or portion 34 on friction 
disc 12'. In the most preferred form, a steel ring 235 
is sandwiched between ring 86 and sheave 50'. The facing 
25 86 engages the annular friction engagable portion 34 when 
air pressure is introduced into cylinder C thereby 
clutching in and rotatably relating the friction disc 12', 
the hub 20' and the cylinder block 30' on which fan blades 
of a fan 300 may be mounted on the pilot extension 53' and 
30 secured by means of nut-equipped studs 55' on the cylinder 
block 30'. With facing 86 engaging annular friction 
engagable portion 34, hub 20', cylinder block 30' and fan 
3 00 mounted thereon will rotate at the same speed or in 
other words a 1:1 ratio with respect to sheave 50'. 
35 Clutches A and A' according to the preferred teachings 

of the present invention further include an eddy current 
drive 2 24 between the input and output portions of 
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1 clutches A and A' . Specifically, in the preferred form, 
drive 2 24 includes a first drive component shown as a 
plurality of circumf erentially spaced permanent magnets 
22 6 radially spaced from the rotation axis of clutch A or 

5 A' . In the most preferred form, magnets 22 6 are in the 
form of discs and are radially oriented and held at 
circumf erentially spaced locations with alternating 
polarity to the input by an annular magnetic holder 2 28 
including a plurality of apertures 230 formed therein for 

lO receipt and holding of magnets 226. Holder 228 is formed 
from generally nonmagnetic material such as aluminum for 
magnetically isolating magnets 226 in holder 228 from each 
other. In clutches A of Figures 1-4 of the most preferred 
form, holder 228 and magnets 22 6 mounted therein are 

15 mounted to an axially inner, radially oriented or 

extending surface 232 of body portion 30 of friction disc 
28 opposite to friction engageable portion 34 and radially 
spaced outwardly from fins 220 such as by axially extending 
screws 2 34. In clutch A' of Figure 5 of the most preferred 

2 0 form, holder 228 and magnets 22 6 mounted therein are 

mounted to an axially inner, radially oriented or extending 
surface 232 of the side of sheave 50 ' radially outward of 
friction facing ring 86. In clutch A' of Figure 7 of the 
most preferred form, holder 2 28 and magnets 22 6 mounted 
25 therein are mounted to a radially oriented or extending 

surface 232 on the opposite axial side of annular friction 
disc 12' than surface 34. Sandwiched between surface 232 
and holder 2 28 including magnets 22 6 is a ring 23 6 formed 
of magnetic flux conductive material such as steel, with 

3 0 screws 23 4 extending through suitable apertures formed in 

ring 236. In clutch A' of Figure 5, rings 235 and 236 can 
be integrally formed together or as separate components. 

In the preferred form, magnets 226 are generally in 
the form of circular discs as best seen in Figures 2 and 6. 
35 in clutch A' of the most preferred form as shown in Figures 
5 and 7, the discs are generally oval shape and include 
first and second surfaces 2 37 located along parallel chords 
of the circular shape on opposite sides and equally spaced 
from the center of the circular shape. First and second 
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1 surfaces 237 are arranged generally perpendicular to a 
radius from the clutch axis. Thus, the overall radial 
size of holder 228 and of eddy current drive 224 can be 
minimized to allow clutch A' of the present invention 
5 including eddy current drive 224 to be easily substituted 
in prior installations utilizing the clutches of the type 
disclosed in Patent Nos . 4,226,095; 4,877,117; and 
5,059,161 or the like. 

Drive 224 further includes a second drive component 

10 shown as a smooth ring 2 38 formed of electrically 
conductive material such as copper and in the most 
preferred forms is radially oriented. In clutches A of 
Figures 1-4 of the most preferred form, ring 238 is 
mounted on the output portion spaced radially outward of 

15 friction engageable portion 34 at a radial location 

corresponding to magnets 2 26 such as by screws 24 O to the 
axial surface of body portion 64 of housing 62 and spaced 
radially outward of air vent apertures 222 at the radial 
location corresponding to magnets 226. 

20 in clutch A' of Figures 5-10 of the most preferred 

form, ring 238 is mounted such as by screws 240 to the 
axial surface of an annular body portion 241. In clutch 
A' of Figure 5, annular body portion 241 is mounted on 
the output portion and specifically is secured to friction 

25 disc 12' such as by bolts 243. In clutch A' of Figure 7 
of the most preferred form, annular body portion 241 is 
mounted on the input portion and specifically is secured 
to sheave 50' such as by an annular support 244. In the 
most preferred form, annular support 244 includes a first 

30 annular disc portion 260 sandwiched between ring 235 and 
the side of sheave 50' and which is secured therebetween 
by screws 87. Annular support 244 further includes a 
second annular disc portion 262 located parallel to but 
spaced from annular disc portion 2 60. Air moving vanes 

35 264 are sandwiched between and secured to disc portions 
260 and 262 at circumf erentially spaced locations. 
Annular support 244 is in turn secured to annular body 
portion 241 by screws 24 6 extending through portions 2 60 
and 2 62 intermediate vanes 2 64 of support 2 44 and threaded 
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1 into annular body portion 241. Disc portion 260 and ring 
2 35 can be integrally formed together or as separate 
components. A ring 24 2 formed of magnetic flux conductive 
material such as steel is sandwiched between ring 2 38 and 
5 body portion 64 or 241, with screws 240 extending through 
suitable apertures formed in ring 242. Annular body 
portion 241 is formed of aluminum and acts as a heat sink. 
Therefore, as heat is drawn to annular body portion 241 
from rings 238 and 242, radiation heating of magnets 226 
10 by ring 238 is minimized. 

Circumf erentially spaced cooling fins 248 may be 
provided on annular body portion 241 opposite rings 238 
and 242 for cooling ring 238. According to the preferred 
teachings of the present invention, fins 248 are 
15 configured to achieve both angular and perpendicular air 
flow. Specifically, in the most preferred form, fins 248 
in the first and third quadratures 241a and c are arranged 
at an acute angle in the order of 30° from radial lines in 
the direction of rotation whereas fins 248 in the second 
20 and fourth quadratures 241b and d are arranged along 
radial lines from the clutch axis. it should be 
appreciated that fins 248 must also be configured in a 
manner which does not interfere with fan 300 which in the 
most preferred form is not supplied with clutch A' and 
25 specifically must be configured so as to allow relative 
rotation between fan 300 and annular body portion 241 
whatever type of fan 300 is mounted on clutch A'. 

Because fan 300 is not supplied with clutch A' in the 
most preferred form and to insure that air flow is allowed 
3 0 past the front of cylinder block 30 ' and radially inward 
of drive 224 and fins 248 independent of the actual fan 
300 mounted on cylinder block 30', a fan mount 266 is 
provided with clutch A' in the most preferred form. In 
particular, mount 266 includes a central annular portion 
35 268 of a diameter for slideable receipt and mounting on 
pilot extension 53' of cylinder block 30'. Mount 266 
further includes an outer annular portion 270 of a size 




-14a- 

1 larger than annular portion 268. Circumf erentially spaced 
legs 272 integrally extend between portions 268 and 270 
to hold them in a spaced, concentric arrangement. In the 
most preferred form, annular portion 270 has an axial 
5 thickness less than that of legs 272 and/or portion 268 to 
form a pilot extension for slideable receipt of fan 300. 
Bolts 2 74 can be provided extending through fan 3 00 and 
threaded into portion 270 for securing fan 3 00 to mount 
2 66. Mount 2 66 in turn can be secured to cylinder block 
lO 30' by studs 55' extending through annular portion 2 68 

and/or legs 272. It can then be appreciated that air flow 
is allowed through openings defined by and intermediate 
annular portions 268 and 270 and legs 272. 

It should be appreciated that the construction of 
15 clutches A and A' according to the preferred teachings 
of the present invention is believed to be advantageous. 
Specifically, considerable heat can be generated by 
slippage of friction disc 28 and 12' and friction ring 86 
or 2 52. Further, heat is also generated by the rotation 
20 of magnets 226 relative to rings 238 and 242. Friction 
disc 12' or 28 or sheave 50 ' acts as a heat sink to draw 
heat away from magnets 22 6. Likewise, annular portion 241 
acts as a heat sink to draw heat from rings 238 and 242 
and thus away from magnets 226. Additionally, rotation 
25 of cooling vanes or fins 22 O with friction disc 28 pulls 
air into housings 62 and 68 to provide cooling to eddy 
current drive 224 and specifically providing air flow 
intermediate the components of eddy current drive 2 24 
and particularly intermediate magnets 226 and ring 238. 
30 Likewise, rotation of cooling fins 248 and vanes 264 with 
sheave 50' at all times when the engine is running 
increases heat transfer from annular body portion 241. 
In particular, fins 248 draw air from the front of 
cylinder block 30' radially inward of drive 224 and in 
35 the most preferred form intermediate annular portions 268 
and 270 and legs 272 to provide cooling of body portion 
241 by convection. Additionally, vanes 264 draw air from 
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1 the front of cylinder- block 30 ' radially inward of drive 
224 and in the most preferred form intermediate annular 
portions 268 and 270 and legs 272 to provide cooling of 
magnets 22 6 and ring 238 by convection. In this regard, 

5 vanes 2 64 move the air outwardly to create a pressure 

differential which draws air betwteen magnets 22 6 and ring 
238 to create air flow therebetween which would likely not 
occur or would be practically non-existent if air movement 
means would not be included. As the performance and life 

10 of magnets 226 may be detrimentally affected by heat, 

clutches A and A' according to the preferred teachings of 
the present invention protect magnets 22 6 from excessive 
heat conditions. 

In operation of clutch A and assuming the input 

15 portion of clutch A, i.e. mount 12, is being rotated by 
conventional means hereinbefore referred to, the fan 
blades are rotated about the axis of clutch A by 
introducing fluid pressure through rotary air union 96 
into cylinder C which forces piston 80 in the direction 

2 0 towards friction disc 28 whereby the friction engagement 
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1 surface of friction ring 86 or 252 engages the friction 
engagement surface of friction disc 2 8 to rotatably relate 
the input and output portions of clutch A. As a result of 
the above, which is contrary to the urging of springs 13 8 

5 or 2 56, the output portion of clutch A, i.e. housings 62 
and 68 with the fan blades thereon, are rotated generally 
at the rotational speed of mount 12 and friction disc 28. 
With the fluid pressure released, springs 13 8 or 2 56 urge 
friction ring 86 or 252 from engagement with friction 

lO disc 28 whereby friction ring 86 or 252 is separated or 
disengaged from friction disc 2 8 such that the output 
portion of clutch A is rotational ly independent of the 
input portion. 

In operation of clutch A' and assuming the input 

15 portion of clutch A' , i.e. sheave 50 ' , is being rotated 
by conventional means hereinbefore referred to, the 
fan blades are rotated about the axis of clutch A' by 
introducing fluid pressure through conduit means 42' 
into cylinder C which forces piston 10' in the direction 

2 0 towards sheave 50 ' whereby the friction engagement surface 

of friction ring 86 engages the friction engagement 
surface or portion 3 4 to rotatably relate the input and 
output portions of clutch A' . As a result of the above, 
which is contrary to the urging of springs 56', the output 
25 portion of clutch A', i.e. annular cylinder block 3 O ' 

with the fan blades thereon, are rotated generally at the 
rotational speed of sheave 50'. With fluid pressure 
released, springs 56' urge friction disc 12' from 
engagement with friction ring 86 whereby friction ring 86 

3 0 is separated or disengaged from portion 3 4 such that the 

output portion of clutch A' is rotational ly independent 
of the input portion. 

Due to their mounting on the input portions, magnets 
22 6 of clutches A and A' of Figures 1-5 and ring 238 of 
3 5 clutch A' of Figure 7 rotate at the rotational speed of 

the input portions. Due to eddy current principles, forces 
between magnets 22 6 and ring 24 2 induce rotation of the 
output portions of clutches A and A' . The rotational 
speed of the output portions of clutches A and A' is less 
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1 than the rotational speed of the input portions due to the 
torque load placed upon the output portions Joy the fan 
blades in the most preferred form. The rotational speed 
of the output portions relative to the input portions is 

5 then dependent upon the number and strength of magnets 
226, the axial spacing between magnets 226 and rings 238 
and 242, the speed of rotation of the input portions, and 
the torque load placed upon the output portions. 

It can then be appreciated that when greater cooling 

10 requirements exist such as at low engine RPMs , fluid 

pressure is introduced into cylinder C causing rotation 
of the output portions and the fan blades thereon at the 
rotational speed of the input portions which typically 
w iH be at engine speeds. However, if lesser cooling 

15 requirements exist such as at high engine RPMs, fluid 
pressure is released causing rotation of the output 
portions and the fan blades thereon at a rotational speed 
less than the input portions through eddy current drive 
224. It can further be appreciated that lower rotational 

2 0 speeds of the fan blades result in reduced power 

consumption and in reduced noise generation and thus is 
very advantageous . 

It should then be noted that permanent magnet eddy 
current drives for fan clutches are known which provide 
25 for fan rotation at speeds less than engine speed but 

which do not provide direct drive with the engine speed. 
Further, electromagnet ical ly operable clutches are known 
which provide for fan rotation at engine speed through a 
first electromagnetic clutch and at lower than engine 

3 0 speed through a second electromagnetic clutch via an eddy 

current coupling. However, persons skilled in the art 
did not recognize the synergistic results which are 
obtainable utilizing a permanent magnet eddy current 
drive in combination with a nonelectromagnetically 
35 controlled clutch and specifically with a fluid and 

particularly an air actuated clutch. In particular, it 
should be noted when clutches A and A' of the present 
invention shown in the Figures are actuated in the most 
preferred form by the introduction of fluid pressure, 
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1 clutches A and A' of the present invention rotate the fan 
blades at engine speeds with eddy current drive 224 and 
specifically magnets 226 and holder 228 and also rings 238 
and 242 rotating at engine speeds due to their connection 

5 to output and input portions of clutches A and A'. Thus, 
the engagement of annular friction engageable portion 34 
with friction ring 86 or 252 overrides eddy current 
drive 224 due to the simultaneous rotation of magnets 226 
and rings 238 and 242. Thus, clutch A of the present 

lO invention operates in the same manner as clutch A of 
U.S. Patent No. 4,42 5,993 and clutch A' of the present 
invention operates in the same manner as the clutches of 
U.S. Patent Nos . 4,226,095; 4,877,117; and 5,059,161 when 
friction ring 86 or 252 is axially displaced to engage 

15 annular friction engageable portion 34. However, when 

friction ring 86 or 252 is axially displaced from annular 
friction engageable portion 34, clutches A and A' of the 
present invention continue to drive the fan blades through 
eddy current drive 224 whereas the clutches of U.S. Patent 

20Nos. 4,425,993; 4,226,095; and 4,877,117 provide no driving 
connection to the fan blades. Specifically, due to their 
mounting to the input portions, magnets 22 6 of clutches A 
and A' of Figures 1-5 and ring 238 of clutch A' of Figure 7 
rotate at engine speed whether or not portion 3 4 is engaged 

25 by friction ring 86 or 252. Due to the magnetic attraction 
of magnets 226 to ring 242, the output portions of 
clutches A and A' are driven and rotate about the clutch 
axis at a speed less than that of the input portions or 
in other words at less than engine speed due to the torque 

3 0 load placed on the output portions by the fan blades. 
Thus, clutches A and A' of the present invention can 
provide cooling at all times and specifically whether or 
not friction disc 86 or 252 engages friction engageable 
portion 34. It should further be appreciated that no 

35 separate controls or other actuation are required for eddy 
current drive 224 such that clutch A and A' of the present 
invention can be easily substituted in prior installations 
utilizing clutches of the type disclosed in U.S. Patent 
Nos. 4,425,993; 4,226,095; and 4,877,117 or the like. 
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1 In particular, no electric controls such as would t>e 
necessary for electromagnet ica 1 ly operable drives are 
required according to the preferred teachings of the 
present invention. Specifically, when fluid actuated, 

5 clutches A and A' of the present invention including eddy 
current drive 2 24 have the same operation as the clutches 
of U.S. Patent Nos. 4,425,993; 4,226,095; and 4,877,117 
which do not include the eddy current drive. However, in 
the absence of fluid pressure and without actuation of any 

10 kind, eddy current drive 224 is then revealed in clutches 
A and A' of the present invention to drive and rotate the 
fan blades rather than to simply let the fan blades be 
rotationally free as in the clutches of U.S. Patent Nos. 
4,425,993; 4,226,095; and 4,877,117. 

15 Furthermore, the particular construction of clutch A 

according to the teachings of the present invention is 
believed to be particularly advantageous. In this 
regard, clutch A of the present invention obtains similar 
advantages as those obtained by clutch A of U.S. Patent 

2 0 no. 4,42 5,9 93. Additionally, eddy current drive 224 is 

included inside of housings 62 and 68 and is protected . 
thereby from the environment or other outside forces. 
Even when housing 68 is removed from housing 62 to allow 
replacement of friction ring 86 or 252, eddy current 
25 drive 224 is generally enclosed by housing 62 and 

friction disc 28 which typically remain in an assembled 
condition during replacement of friction ring 86 or 252. 
Further, eddy current drive 224 is included inside of 
clutch A with minimal or no increase in axial length and 

3 0 specifically without requiring the addition of further 

disc or other mounting components. Specifically, magnets 
226, holder 228, and ring 236 are mounted to friction 
disc 28, and rings 238 and 242 are mounted to housing 62, 
with housing 62 and friction disc 28 being necessary 
3 5 components for providing direct drive actuation through 
friction ring 86 or 252. 

It should also be noted that the construction of 
clutch A allows a single bearing 58 and specifically 
provides rigidity which braces outer race 60 of bearing 58 
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1 by supporting housings 62 and 68 through the engagement of 
friction disc 28 and friction ring 86 or 252 by directing 
load forces to friction disc 28 which in turn is directly 
connected to the rigid support which is the shaft or other 

5 rotatable member that mounts the entire clutch A. 

Clutch A of the type as shown in Figures 3 and 4 
is further believed to be particularly advantageous. 
Specifically, when clutch A is utilized in its preferred 
form as a fan clutch mounted on the crank shaft of an 

lO engine such as, in the preferred form, a diesel engine, 
clutch A is subjected to tremendous vibration stress 
or loads due to the torsional modes set up by the 
reciprocating action of the pistons of the engine. 
This torsional vibration causes constant clatter in the 

15 axially displaceable components of the clutch. When the 
components allowing axial displacement are formed of metal 
which typically is cast iron or aluminum with an anodized 
hard coat surface, this constant clatter in the axially 
displaceable, metal components results in the development 

2 0 of a very sloppy fit in a relatively short period of time 

thus reducing the life of the clutch. According to the 
preferred teachings of the present invention, use of fiber 
friction ring 2 52 acts as a dampener between housing 62 
and friction disc 28. Specifically, friction ring 252 is 
25 formed of friction brake material that is resilient enough 
to absorb the torsional vibration and reform itself to 
its original condition to withstand the punishment of 
vibration stress or loads due to the torsional modes set 
up by the reciprocating action of the pistons of an engine. 

3 0 it can be appreciated that friction ring 2 52 can be 

inexpensively fabricated at the desired axial thickness to 
provide teeth 2 54 with the necessary bearing surface with 
teeth 250 to transfer the desired torque levels without 
damaging teeth 254. It should further be appreciated that 
35 in the event of excessive vibration stress or loading, 
failure will occur in teeth 254 of fiber friction ring 
2 52 and not in the metal components such as teeth 2 50, 
housings 62 and 68 or friction disc 28, with friction ring 
252 being a normally replaceable part due to frictional 
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1 wear. It can then be appreciated that torque pins 13 2, 
bushings 134, and holes 136 are not required in clutch A 
of Figures 3 and 4 which are especially prone to the 
development of sloppy fits, and also reducing the 
5 complexity and weight of clutch A of Figures 3 and 4 . 

Similarly, clutch A' of the type as shown in Figures 
5-10 is further believed to be particularly advantageous. 
Particularly, eddy current drive 224 is included in clutch 
A' with no increase in axial length and without requiring 
10 the addition of further disc or other mounting components. 
Specifically, magnets 226, holder 228, and rings 236, 238 
and 242 are mounted to sheave 50 ' or to friction disc 12', 
with sheave 50' and friction disc 12' being necessary 
components for providing direct drive actuation through 
15 friction ring 86. Furthermore, clutch A' of Figure 7 
according to the preferred teachings of the present 
invention is further believed to be advantageous since 
eddy current drive 224 is included with minimal increase 
in radial size since magnets 226 and rings 238 and 242 are 
20 mounted at the same radial spacing from the clutch axis as 
friction ring 86. 

Further, when clutches A and A' are utilized in their 
preferred form as a fan clutch, the fan blades of the 
output portion are driven either due to the rotational 
25 relation provided by the engagement of friction ring 86 
or 252 with annular friction engagable portion 34 or by 
eddy current drive 224 of the present invention. However, 
there are occasions when it is desired that the fan blades 
remain stationary. Clutch A' according to the preferred 
3 0 teachings of the present invention includes provisions for 
rotatably relating hub 20' to a further portion of clutch 
A' which is stationary in the most preferred form and 
specifically to shaft 24'. Specifically, shaft 24' is 
secured to a radial flange mounting bracket 92' by any 
35 suitable means. Clutch A' further includes an annular 
piston 100' which is reciprocally received in a cylinder 
cavity 102' formed in bracket 92'. Piston 100' is biased 
into cavity 102' by a spring 104 ' sandwiched between a 
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1 stop 262 held axially on shaft 24'. Piston 100' is moved 
in cavity 102' against the bias of spring 104' by fluid 
pressure introduced through inlet 106' formed in bracket 
92'. Piston lOO' includes an integral friction disc 264. 
5 Clutch A' according to the preferred teachings of the 

present invention further includes an annular, radial 
extension 2 66 secured to the end of hub 20' opposite 
cylinder block 30' by any suitable means such as by screws 
2 68. In the most preferred form, bearings 14 6' and 148' 
lO are sandwiched on hub 20' between extension 2 66 and washer 
62'. A friction ring 270 is removably secured to and 
carried by extension 266 such as by screws 272. Friction 
ring 270 is engaged by friction disc 264 when air pressure 
is introduced into cavity 102' thereby rotatably relating 
15 hub 20', bracket 92', and shaft 24' and thus braking the 
fan blades secured to cylinder block 30' secured to hub 
20' to prevent their windmilling due to the passing of air 
over the fan blades and to prevent their being driven by 
eddy current drive 22 4 in the most preferred form. 
20 In operation of clutch A ' of the most preferred form 

of the present invention, the fan blades of fan 300 can be 
rotated at engine speeds when fluid pressure is introduced 
into cylinder C thereby rotatably relating sheave 50' to 
hub 20'. In the preferred form, magnets 226 are axially 
25 spaced from ring 238 when friction ring 86 engages with 

annular friction engagable portion 34 which overrides eddy 
current drive 224. In the absence of fluid pressure into 
cylinder C and cavity 102', friction ring 86 is axially 
spaced from portion 34. Although magnets 226 in clutch A' 
30 of Figure 5 are further axially spaced from ring 238 than 
when friction ring 86 was engaged with portion 34, the 
spacing between magnets 22 6 and ring 2 38 is such that the 
fan blades are driven by eddy current drive 224. It can 
be appreciated that the axial spacing of magnets 226 from 
35 ring 238 in clutch A' of Figure 7 actually increases when 
friction ring 86 is engaged with portion 3 4 to avoid even 
the possibility of a problem of magnets 226 contacting 
ring 238 due to long-term frictional wear of friction 
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1 ring 86. If fluid pressure is introduced into cavity 
102', eddy current drive 224 is also over-ridden as hub 
20 ' is rotatably related to bracket 92' thus slowing and 
stopping rotation of the fan blades. Suitable valving 
5 should be provided to prevent fluid pressure from being 

simultaneously introduced into cylinder C and cavity 102 ' . 
It can then be appreciated that clutch A' according to the 
teachings of the present invention provides three speeds 
for the fan blades, i.e. at engine speed, at less than 

10 engine speed, and stopped in the most preferred form. 

Furthermore, when air actuated, i.e. when fluid 
pressure is introduced into cylinder C, the force transfer 
path through clutch A ' is from friction ring 86, through 
friction disc 12' to hub 20' through splines 16' and 18', 

15 through bearings 146' and 148', through sheave 50', and 

i{ back to friction ring 86, with no relative rotation 

occurring through bearings 14 6' and 148' between hub 20' 
and sheave 50'. No actuation force occurs through 
bearings 26' and 28'. Thus, substantially less force is 

20 placed upon bearings 26' and 28' in the construction of 
clutch A' according to the preferred teachings of the 
present invention than through the bearings which mount 
the hub in the clutches of U.S. Patent Nos. 4,226,095 and 
4,877,117 which are in the actuation force path and with 

25 the bearings which mount the sheave being subjected to 

relative rotation at all times that the engine is running 
thus increasing wear and decreasing life. The construction 
of clutch A' of the preferred form further includes piston 
lO' having an increased cross-sectional area to allow 

3 0 greater actuation pressure to be placed upon friction disc 
12' with the same fluid pressure. This greater actuation 
pressure allows the size of friction ring 86 to be 
minimized while still providing the same degree of 
actuation such that the overall diametric size of clutch 

35 A' can be reduced from clutches of the type of Patent Nos. 
4,226,095; 4,877,117; and 5,059,161 having corresponding 
performance characteristics. Thus, clutch A' according 
to the preferred teachings of the present invention is 
able to fit in smaller installations or the same size 
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1 installations with eddy current drive 2 24 as prior 

installations utilizing clutches of the type disclosed 
in U.S. Patent Nos. 4,226,095; 4,877,117; and 5,059,161. 
It should be noted that clutches A and A' according 
5 to the preferred teachings of the present invention have a 
construction which is very simple in nature, lends itself 
to very economical manufacturing, and is very durable. 

Now that the basic teachings of the present invention 
have been explained, many extensions and variations will 
lO be obvious to one having ordinary skill in the art. For 
example, although clutch A is shown in Figures 3 and 4 in 
the most preferred form including a multiple speed drive 
and specifically eddy current drive 224 and is believed 
to produce synergistic results, it can be appreciated 
15 that clutch A of Figures 3 and 4 could be manufactured 
without a multiple speed drive. 

Further, clutch A of Figures 3 and 4 could be easily 
changed to be spring engaged and fluid released. As an 
example, friction disc 28 could be arranged to contact 
20 the other side of friction ring 252 which is biased by 

springs to engage friction disc 28 and which is disengaged 
by fingers coming out from piston 80 and radially spaced 
outwardly of friction disc 28. 

Likewise, although shown and described for use as a 
25 fan clutch, clutches A and A' and especially the clutch 

of the form of Figures 3 and 4, according to the teachings 
of the present invention, may be utilized in other 
applications such as, but not limited to, for driving an 
alternator, an air conditioner, or the like. 
30 Furthermore, although clutch A' of Figures 5-10 in the 

most preferred form includes eddy current drive 224 and 
is believed to produce synergistic results, eddy current 
drive 224 can be omitted with friction ring 270 and 
friction disc 2 64 preventing windmilling when clutch A' 
35 is not air actuated. 

Likewise, although placement of the components of eddy 
current drive 22 4 on the input and outputs of clutches A 
and A' is believed to be advantageous in the particular 
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1 preferred forms shown, reversal of the components of eddy 
current drive 2 24 on the input and output may be possible 
according to the teachings of the present invention. 
Thus since the invention disclosed herein may be 

5 embodied in other specific forms without departing from 
the spirit or general characteristics thereof, some of 
which forms have been indicated, the embodiments 
described herein are to be considered in all respects 
illustrative and not restrictive. The scope of the 

lO invention is to be indicated by the appended claims, 

rather than by the foregoing description, and all changes 
which come within the meaning and range of equivalency of 
the claims are intended to be embraced therein. 



